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The aim of this study was to examine the physiological profiles and the pacing strategies of 35 
the father (59 years old) and son (34 years old) who broke the World record time (4:59:22; 36 
father : 2:27:52, son : 2:31:30) for combined father and son marathon in 2019. Oxygen uptake 37 
(V̇O2), heart rate (HR), ventilation (V̇E), blood lactate concentration (La), and running 38 
economy (RE) were measured during treadmill-running tests. The total distance of the 39 
marathon was divided into 8 sections of 5 km and 1 last section of 2.195 km, and the relative 40 
average running velocity on each section was calculated individually. V̇O2max, HRmax, V̇Emax, 41 
Lamax, were 65.4 ml.kg-1.min-1, 165 beats.min-1, 115 l.min-1, 5.7 mmol.l-1 for the father and 42 
66.9 ml.kg-1.min-1, 181 beats.min-1, 153 l.min-1, 11.5 mmol.l-1 for the son, respectively. At 17 43 
km.h-1, RE was 210 ml.kg-1.km-1 for the father and 200 ml.kg-1.km-1 for the son, and % 44 
V̇O2max sustained was 90.9% for the father and 84.5% for the son, respectively. The father 45 
maintained an even running velocity during the marathon (running velocity CV < 1%) while 46 
the son ran the second half-marathon 7% slower than the first one, and his running velocity 47 
markedly dropped from the 35th kilometer. Father and son who broke the World record time 48 
for combined father and son marathon had a similar level of performance but their 49 
physiological profiles and pacing strategies during the marathon were different. A more even 50 
speed for the son could help them to improve their own record in a near future.  51 
 52 
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New & Noteworthy  59 
We provide novel data demonstrating that different physiological profiles can lead to the 60 
same level of performance on the marathon, even at different ages. The novelty of our study is 61 
in the report of the physiological characteristics, training routine and in-race pacing strategy 62 
that allowed a father (59 years old) and son (34 years old) to break the World record time for 63 
combined father and son marathon, the father also establishing a new World record marathon 64 
time for the age of 59.  65 
  66 




Similar levels of endurance running performance can be reached with different 68 
physiological profiles. There are many possible combinations among the physiological 69 
determinants (V̇O2max, lactate threshold, and running economy) to lead to a similar 70 
performance in marathon running (9, 23). For example, some elite marathoners do not have 71 
particularly exceptional V̇O2max or lactate threshold values, but have a very good running 72 
economy (25).  73 
Performance in marathon running also depends on pacing (4), that is defined as how 74 
an athlete distributes work and energy throughout the race (3). The regulation of pace is 75 
thought to be primarily dictated by the ability of an athlete to resist to fatigue by appropriately 76 
expending energy from aerobic and anaerobic sources, even if central control may also 77 
interact (33). A better pacing strategy could provide marathon runners with an economical 78 
pathway to significant performance improvements. Although a negative pace distribution (i.e. 79 
second half run faster than the first half of the marathon) has been proposed as the most 80 
efficient option, a pacing strategy characterized by very little speed changes across the whole 81 
race may also be a good option (11). 82 
The heritability of athletic status, trainability, and exercise behavior has been 83 
estimated to account for 66, 47, and 62%, respectively, of athletic performance (35). If 84 
genetic factors may contribute to cardiorespiratory fitness and its response to exercise 85 
training, there is no evidence for a detailed genomic signature that differentiates endurance 86 
athletes from control subjects (6, 30). However, to the best of our knowledge, the comparison 87 
of physiological profiles between a father and a son who compete at a high level of physical 88 
performance is lacking in the literature. Being born to a father who was an elite athlete does 89 
not guarantee success for a son, though it may be an advantage.    90 
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In the present study, we evaluated the physiological profiles of the father and son who 91 
recently broke the Guinness World record time for combined father and son marathon in a 92 
total time of 4:59:22 in 2019 (2, 14, 26). The father, who was an Olympic marathoner in 1992 93 
led the way with an age-59 world record of 2:27:52. The son, 34 years old, ran 2:31:30. 94 
Additionally, we analyzed their pacing strategy during the marathon to access how both father 95 





At the date of the evaluation, father and son were 59 and 34 years old respectively. 101 
Both were Irish Caucasians, living in Northern Ireland. The athletes’ anthropometric 102 
characteristics and season best performances are presented in table 1. The father was a full-103 
time runner from the age of 21 to 32. His best marathon performance (2:13:59) was set at 32 104 
years old. Following a 16-year break, he resumed training at the age of 48 and competed in 105 
running events from 5-km to marathon. On April 7th 2019, the athlete ran the Rotterdam 106 
marathon in 2:30:15 establishing the new single age world record performance (24). The son 107 
had no structured sport training until 30 years old. He completed his first 10-km running race 108 
at 30 years old in a time of ~42 min while he trained twice a week. At the age of 32, his 109 
personal best on 10 km was 35 min with five to six training sessions per week. At 34 years 110 
old, during the season preceding the marathon, he decreased his personal best to 00:30:51 on 111 
10-km and 1:08:30 on half-marathon with five to seven training sessions per week (See table 112 
1). He had no previous experience on the marathon before this study.  113 
Both athletes volunteered and were informed about the nature and aims of the study, 114 
as well as the associated risks and discomfort prior to giving his oral and written consent to 115 
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participate in the investigation. The protocol was in conformity with the Declaration of 116 
Helsinki (last modified in 2013). The experimental protocol was approved by the Research 117 
Ethics Committee of Liverpool John Moores University. 118 
 119 
Experimental design 120 
 In the summer of 2019, the two athletes (father and son) decided to train for the 121 
Frankfurt marathon (27 October 2019) where they aimed to break the World record time 122 
for combined father and son marathon. According to the Guinness World Records, the 123 
previous record was established at the 2015 London Marathon by a father (50 years old, 124 
2:32:01) and his son (30 years old, 2:30:20) with a total time of 5:02:21 (2). However, in 1987 125 
at the Neuf Brisach marathon (France), a 43-year old father (2:22:54) and his 23-year old son 126 
(2:23:10) ran a total time of 4:46:04, but this performance has not been validated by the 127 
Guinness World Records (1).  128 
The two athletes undertook a cardiorespiratory assessment in laboratory and their 129 
training was monitored for the last 2 months prior to the marathon. The pacing and nutritional 130 
strategies were finally followed during the marathon.  131 
 132 
Cardiorespiratory assessment 133 
Before each test, the athletes’ body composition was assessed via a whole-body fan 134 
beam dual-energy X-ray absorptiometry (DXA) measurement scan (Hologic Discovery A, 135 
WA, USA) according to the methods described by Nana et al. (27). The cardiorespiratory 136 
assessment was performed on a motorized treadmill (HP Cosmos, Germany) in the morning 137 
of the same day for both athletes. It consisted of a submaximal running economy (RE) test 138 
followed by an incremental running test until volitional exhaustion (maximal oxygen 139 
consumption - V̇O2max - test). Oxygen uptake was measured using indirect calorimetry via an 140 
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automated open circuit system (Oxycon Pro, Carefusion, Germany). Heart rate (HR) was 141 
monitored via a Polar V800 heart rate monitor (Polar, Finland). We used the same testing 142 
protocol as Robinson et al. (31) but with higher running velocities. After completion of a 6-143 
min warm-up at running velocities varying from 12 to 15 km.h-1, the athletes ran at four pre-144 
selected velocities (15, 16, 17, 18 km.h-1) for 5 min with 5 min of passive recovery in 145 
between. Following the last RE stage, the athletes performed the V̇O2max test during which a 146 
velocity of 16 km.h-1 was held constant while the treadmill gradient was increased by 1% 147 
every minute until volitional exhaustion. A 30-s interval containing the two highest 15-s O2 148 
consumption values was used to determine V̇O2max. Blood lactate (La) was measured in 149 
finger-prick blood samples (50µl) using a portable lactate analyzer (Lactate Pro2, Arkray, 150 
Japan). Measurement was performed before and one minute after each RE stage and after the 151 
V̇O2max test. VO2max is also expressed relative to lean lower-body mass (17). A foot pod 152 
monitor (Stryd Powermeter, Boulder, CO, USA) was attached to the left shoe during the RE 153 
submaximal test in order to evaluate stride parameters. The Stryd foot pod is valid and reliable 154 
for the monitoring of step length and step frequency at running speeds ranging from 8 to 20 155 
km.h-1 (15). 156 
 157 
Training for combined father and son marathon 158 
 In the last 2 months prior to the marathon, the athletes’ training routine was 159 
monitored via activity monitor watches (Garmin, Forerunner 230, USA). The average training 160 
volume was 180±21 and 140±33 km.week-1 for father and son, respectively. As the athletes 161 
mainly trained according to their sensations, no specific information regarding training 162 
intensity was recorded, though the athletes reported that most of their training was performed 163 
at running velocities under or close to marathon pace. The athletes reached higher velocities 164 
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(above marathon pace) during local competitions (from 5-km races to half-marathons) they 165 
entered almost every week-end.  166 
Father and son had very similar basic dietary habits. They eat porridge oats with fresh 167 
or dried fruits for breakfast, a whole meal sandwich for lunch and potatoes or rice or pasta 168 
with vegetables and mostly chicken for dinner. The father also drinks a small glass of organic 169 
beetroot juice every day. In the last few days prior to the marathon, they ate plenty of pasta. 170 
 171 
Combined father and son marathon 172 
On Sunday 27 October 2019, father and son participated in the Frankfurt marathon 173 
(Germany). The start time was 10:00 am CET and the average ambient temperature and 174 
relative humidity were 13°C and 78%, respectively. The total distance of the marathon was 175 
divided into 8 sections of 5-km and 1 section of 2.195 km. The time to complete each section 176 
was monitored via the electronic chips attached to the athletes’ shoes and the average running 177 
velocity of each section was calculated. For the race, father and son wore the same running 178 
shoes (Nike Vaporfly Next%, Beaverton, OR, USA) and outfit (light running short and vest). 179 
To beat the previous father and son marathon world record time (05:02:12), both athletes had 180 
to run at an average speed >16.75 km.h-1 during the whole race. During the race, the father 181 
ingested 2 energy gels (25 g carbohydrates and 85 mg salt per unit, Maurten AB, Gothenburg, 182 
Sweden) at mid-race and 32nd km, along with water at the majority of water stations. The son 183 
ingested 1 energy gel (same reference as his father) and a few sips of sports drink (79 g 184 
carbohydrates and 500 mg salt per 500 ml of drink, Maurten AB, Gothenburg, Sweden). 185 
 186 
Results 187 
Cardiorespiratory variables 188 
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RE values calculated during the RE submaximal test are presented in figure 1. RE was 189 
203 vs. 204 ml.kg-1.km-1, 211 vs 202 ml.kg-1.km-1, 210 vs 199 ml.kg-1.km-1 and 206 vs 197 190 
ml.kg-1.km-1, at 15 km.h-1, 16 km.h-1, 17 km.h-1 and 18 km.h-1 for father vs. son, respectively. 191 
At the record marathon pace, oxygen uptake was higher for the father (~59 ml.kg-1.min-1) 192 
compared to his son (~56 ml.kg-1.min-1) and corresponded to 90.9 % and 84.5 % of their 193 
V̇O2max, respectively. HR corresponded to 90.9 % and 93.3 % of HRmax for father and son, 194 
respectively, while blood lactate was the same between them. 195 
The results of the V̇O2max test are presented in table 1 and figure 2. Maximal values of 196 
V̇O2, HR, ventilation, respiratory exchange ratio, and lactate concentration were higher for the 197 
son compared to his father. When comparing the athletes’ V̇O2max with the American College 198 
of Sports Medicine average percentile values (29), both ranked above the 99th percentile for 199 
their respective age groups.  200 
 201 
Race performances 202 
The father completed the marathon in 02:27:52 (average speed 17.12 km.h-1, 76th 203 
overall, +16.3% of the winner time) and his son finished in 2:31:30 (average speed 16.71 204 
km.h-1, 115th overall, +19.2% of the winner time) for a combined time of 04:59:22, improving 205 
the combined father and son world record by 00:02:50. The athletes’ pacing strategy during 206 
the race is presented in figure 3. The father was able to follow a negative split strategy with 207 
the first and second half of the race covered in 01:14:12 and 01:13:20, corresponding to an 208 
average speed of 17.06 and 17.26 km.h-1, respectively. In contrast, the son followed a positive 209 
split strategy as he could not maintain the pace during the second half of the race. He covered 210 
the first and second half in 01:12:54 and 01:18:36, corresponding to an average velocity of 211 
17.36 and 16.10 km.h-1, respectively. The coefficient of variation (CV) of their running 212 
velocity was 0.8% and 8.5% for the father and son, respectively.  213 





This study reports the physiological profiles and the pacing strategies of the father and 216 
son who broke the World record time for combined father and son marathon in 2019. Father 217 
and son’s individual performances were relatively similar (the father ran only 2.5% faster than 218 
his son) although their physiological characteristics and their pacing strategies during the 219 
marathon were different.  220 
 221 
Physiological profiles 222 
During the incremental maximal running test, the father reached a slightly lower 223 
maximal oxygen consumption (-2%) compared to his son but much lower values of maximal 224 
heart rate (-9%) and ventilation (-25%). Oxygen pulse was very similar between father and 225 
son, suggesting that the father’s slower heart rate is a major factor responsible for his lower 226 
V̇O2max compared with his son (22). The 59-year-old father who was an ex-Olympian athlete 227 
has conserved a very high cardiorespiratory capacity as shown through a V̇O2max of 65 ml.kg-228 
1.min-1; V̇O2max values of ~45 ml.kg-1.min-1 are classically reported in age-matched well-229 
trained runners (32). A decline in maximal heart rate and ventilation is generally observed 230 
with aging even in well-trained athletes (10, 21) and the observed difference between the 231 
father and son could be expected.  232 
If their maximal respiratory exchange ratio during the test was not very different 233 
(+1.9% for the son), maximal lactate concentration was much greater for the son (11.5 234 
mmol.l-1) compared to his father (5.7 mmol.l-1) but the values remained in the range of those 235 
observed in top level marathoners (34). The higher peak lactate concentration of the son could 236 
be explained by the additional 90 seconds of running the son performed after his V̇O2 237 
plateaued, whereas his father stopped the tests immediately after he reached V̇O2max. 238 
Downloaded from www.physiology.org/journal/jappl at Liverpool John Moores Univ (150.204.089.018) on January 13, 2020.
11 
 
However, it is interesting to note that while the maximal lactate concentration was much 239 
greater for the father compared to the son, both father and son exhibited the same lactate 240 
concentration (~2 mmol.l-1) at the marathon pace.  241 
The submaximal running test revealed physiological differences between the two 242 
athletes. At the marathon pace, the father’s oxygen uptake corresponded to ~90% of his 243 
V̇O2max while the son’s value was ~85%. While an intensity corresponding to 85% of V̇O2max 244 
sustained during the marathon is common for well-trained athlete, a value of 90% appears 245 
very high and can be observed only in younger top class marathon runners (5). This value of 246 
90% for the father is also in accordance with the study of Robinson et al. (31) who reported 247 
that the over 70 years’ marathon World record holder for men was able to sustain a running 248 
velocity eliciting 93% of V̇O2max during the marathon.  249 
At their marathon speed, both father and son had a good running economy with values  250 
comprised between 200 and 210 ml.kg-1.km-1 corresponding to those measured by Billat et al. 251 
(5) in top class male marathon runners (marathon performance time < 2:12:00). However, 252 
these values remain higher compared to those of the best Eritrean runners for whom running 253 
economy is closed to 185 ml.kg-1.km-1 at 17 km.h-1 (25). Running economy was 5% lower for 254 
the son compared to the father which may be considered as an advantage, though it is not 255 
known whether this difference remained throughout the whole marathon. Indeed, running 256 
economy has been found to either remain stable or decrease during a prolonged submaximal 257 
running exercise (7, 16, 19). A drift in V̇O2 during submaximal exercise may be associated to 258 
changes in biomechanical (e.g. running pattern) and physiological (e.g. muscle fatigue, 259 
thermoregulation, substrate turnover) factors (20).   260 
 261 
Pacing strategies 262 
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The marathon pacing greatly differed between father and son. The father maintained 263 
an even velocity during the race (running speed CV < 1%) and adopted a slightly negative 264 
split strategy with a second half-marathon ran ~1% faster than the first one. In contrast, the 265 
son ran the second-half marathon 7% slower than the first one, and his running velocity really 266 
dropped from the 35th kilometer of the marathon. Although authors suggested a non-linear 267 
pacing strategy to be optimal (11), slower marathon finishers had generally greater variability 268 
of pace compared to faster marathoner finishers (18). Moreover, it seems that age could 269 
influence the pacing strategy in marathon with older runners generally presenting a relatively 270 
more even pace compared with runners of younger age groups (28). It has also been shown 271 
that elite marathoners, especially race winners maintained a relatively constant running 272 
velocity throughout the race, whereas still accomplished marathon runners but of lesser ability 273 
set an initially fast first half-marathon, after which, they gradually slowed down for the 274 
remainder of the race (13). In contrast to his father who raced several marathons in the past, 275 
the son performed his first marathon following four years of training. The son probably 276 
selected an early running velocity that was faster than the average running velocity he could 277 
sustained for the whole race. Consequently, his velocity decreased gradually during the 278 
second half of the race, and more markedly after the 35th kilometer.  279 
 280 
Practical implications and limitations 281 
This study confirms that different physiological profiles can lead to the same level of 282 
performance on the marathon, even at different ages. The data also show that the effects of 283 
aging on endurance performance may be partly overcome thanks to maintained training 284 
volume, and a different in-race pacing strategy compared to younger athletes. It is also 285 
noteworthy that both father and son’s nutritional strategies on the marathon were far from 286 
optimal recommendations for carbohydrates to maintain optimal substrate availability for the 287 
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muscle and the brain (8). Should father and son had followed these guidelines, had their 288 
performances been better or pacing strategy different? In addition, it would have been 289 
interesting to evaluate the neuromuscular function following the marathon, to identify 290 
potential differences in muscle fatigue between father and son that could impact pacing 291 
strategy (12). Although the data reported are encouraging for older athletes, certain limitations 292 
must be considered. Only two athletes were studied and no physiological measurement was 293 
possible during the race. However, we believe the data presented can contribute to the ever 294 
exciting debate on the optimal conditions to perform on the marathon.  295 
 296 
Conclusion  297 
Father and son who broke the Guinness World record time for combined father and 298 
son marathon had a similar level of performance (2.5 % difference) but their physiological 299 
profiles and pacing strategies during the marathon were different. Compared to his son, the 300 
father sustained a higher fraction of maximal oxygen consumption during the race, despite a 301 
lower running economy and slightly lower maximal oxygen uptake. The father also had a 302 
more even pacing strategy than his son during the race. We can expect that with more 303 
experience, the son should be able to maintain a more even running velocity during a 304 
marathon and improve his performance. Assuming that the father can maintain his level of 305 
performance despite his age, father and son could break their own record in a near future.  306 
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Figure and table legends 456 
 457 
Figure 1. Oxygen uptake (Panel A), heart rate (Panel B) and blood lactate values (Panel C) 458 
obtained at different running velocities during the running economy test. The dashed line 459 
represents the average speeds of the father (17.12 km.h-1) and son (16.71 km.h-1) during their 460 
record-breaking marathon performance.  461 
 462 
Figure 2. Changes in oxygen uptake during the incremental running test for both the father 463 
and son. The father’s and son’s V̇O2max were 65.4 ml.kg-1.min-1 and 66.9 ml.kg-1.min-1, 464 
respectively.  465 
 466 
Figure 3. Changes in average running velocity during the marathon for both the father and 467 
son.  468 
 469 
 470 
Table 1. Anthropometry, running performances and physiological characteristics (during 471 
maximal and maximal running tests) of both the father and son.  472 
 473 
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Table 1. Anthropometry, running performances and physiological characteristics (during 
maximal and maximal running tests) of both the father and son.  
 
 
 Father Son 
 
Age & Anthropometry   
   
Age (years) 59 34 
Height (cm) 169.0 181.5 
Weight (kg) 61.2 67.4 
% Fat 10.9 12.7 
   
Running performances   
   
Marathon time (h:min:s) 2:27:52 2:31:30 
Marathon speed (km.h-1) 17.12 16.71 
 
Season best   
10 km (min:s) 33:13 30:51 
21 km (h:min:s) 1:11:58 1:08:30
   
Mean (± SD) training volume  
the two months before marathon 
(km.week-1) 
180 ± 21 140 ± 33 
   
Physiological characteristics   
   
Maximal incremental running test   
   
V̇O2max (ml.kg-1.min-1) 65.4 66.9 












RERmax 1.04 1.06 
Lamax (mmol.l-1) 5.7 11.5 
   
Submaximal running test (17 km.h-1)   
   
Rate of perceived exertion (6-20 scale) 13 14 
Running Economy (ml.kg-1.km-1) 209.6 199.6 
% V̇O2max sustained 90.9 84.5 
RER 0.92 0.85 
La (mmol.l-1)  2.0 2.1 
Stride Frequency (s.min-1) 199.2 174.2 
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